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FOREWORD

This report was prepared by the firm of
Bolt Beranek and Newman Inc., under Contract No. AF 33(616)-
2151, Call II, for the Wright Alr Development Center, under
authority of Project No, 7212 - 71708 entitled "Properties
of Media for Vibratory Energy Transfer'. Technical super-
vision of the preparatlion of thils report was the responsi-
bility of Major Horace 0. Parrack, USAF, and Dr. Henning E.
von Glerke, Aero-Medical Laboratory, Research Divisgion,
Wright Air Development Center, WPAFB, Ohlo.
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ABSTRACT

Analyses of the acoustlcal requirements for spaces
in the proposed Blo-Acoustic Research Facllity, Aero-
Medical Laboratory, are presented. The analyses support
the outline specifications and conatruction technigues
proposed for this facility.

PUBLICATION REVIEW

This report has been reviewed and 1s approved.
FOR THE COMMANDER:

(‘auabﬁaoﬂl‘tnaéﬁs
JACK BOLLERUD ‘
Colonel, USAF (MC)

Chief, Aero-Medical Laboratory

Directorate of Resesgrch
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SECTION I
INTRODUCTION

This report summarizes briefly the acoustical analysis
and the recommendations for nolse control for all the spaces
comprising the Blo-Acoustics Research facillty for the
Aero Medlical Laboratory at the Wright-Patterson Air Force
Base, Dayton, Ohio. This report includes (a) a discussion
of the establishment of the acoustlcal c¢riteria for the
various critical spaces, (b) the establishment of noise
reduction requirements for all wall structures, (¢) specifi-
cation of wall structures, materials, room finishes and
dimensions, and (d) general recommendations on the control
of noise emanating from ventilating systems., In addition,
an Interpretation of the program requirements ls presented
upon which the acoustical apalysis was based. Considera-
tion has been glven in this/ analysis not only to the

laboratéries of this fanility but &lso to the administrative
areas,

. In the design of this facility, it has been‘necessary
to eatabllish some basic assumptions on the maximum exterior

~and interlor nolse levels as & function of frequency which

will be generated in and arourd the building. These basic

assumptions, coupled with the simultaneous use requirements

and desired criteria in the critical test areas, Have been
used td establish'the noilse redudtion requirements between
the various separate areas. The simultaneous use require-

- ménta-have resulted in a compact grouping of the test areas

in drder to permit functional operation of the facility as

.a self-contained entity These requlrements have necessarlly

intraduced complexibies in the bvasic structural design of the
facility ) ‘ , , B o

. While many of the test areas similar te thcse ‘proposed
in-this facllity have been constructed in isolated cases,
i1t 1s believed that this 1s the first attempt to consolidate

“- all of these facilities into a single.structure. It is
- “hoped that the design requirements &s set forth in this re-
- port will ald in the planning of administrative and tech-

nical racilities of future Air Force installations.

WADC TR 55-154 S 1 -
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SECTION II
FUNCTION OF FACILITY

The primary functlon of the Bio-Acoustlc Research
Facility 1s to provide a sultable structure with the
gpeclal equipment necessary to conduct a research and
development program on the reduction and control of nolse
and vibration produced by operating Alr Force equipment.

The facility has been planned for use in the
performance of the followlng specific functions:

(1) To develop a system which will control.
human exposures to vibratory energy (noise
i and Vibration) produced by operating Air
T Force equipment and facilities. Developmént
' 0 of this/system shall include provisions to
- perform all research and development neces-
sary t¢ reduce and control vibratory energy
v . _ to ghe extent required: ‘
'l ! v - . A
¢ (a) to prevent human exposure to hazardous
' vibratory energy levels;

b . (b) to prevent development of pathological
' states in exposed personnel;

(¢) to prevent producing hazardous physio-
logical reactlions among exposed, L
personnel; o

W,ii L R (d) to maintain levels of, vibratory energy
L : s which permit effectivé accomplishment
[ s . of necessary. functions during exposure;

S . . ' (e) to assure that vibratory energy levels
SRR - N ' are acceptable to personnel working or
P : R ;residing in proximlty to USAF gources;

I 3 A (f)%to maintain vibratory ‘snergy levels

SR " (produced by USAF operations, particularly
‘ . S flight operations) which are acceptable to
reslidents of communities located adjacent ’
to’ USAF Alr Bares;

(g) to insure that no damage occurs to the
possession, both animal and real estate,
of community residents.

B L
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(2) To develop equipment and techniques to control
human exposure to high velocity hot gas jets
produced by Jet engines and rockets so that
the following are achieved:

(a) personnel are protected from excessive
heat;

(b) personnel are protected from blast effects;
¢c) personnel are protected from noxlous gases;

(d) control of vibratory energy is achieved
to the maximum exient possible 1in confor-
mance with the nrimary requirements,

(3) To develop criteria, based on data and informa-
tion obtalned from research and utilizing the
capabllities. of the equipment and procedures
developed that will provide,

(a) guides for planning USAF operations and -
the location of operational facillities;

(b) guldes to Alr Base planning as related
to nolse and vibratlon problems;

(¢) guldes to estimating and evaluating
community response to Alr Force operations;

(d) methods for evaluating action taken to
‘achleve noise and vibration control. ‘

o - (4) To develop- equipment and techniques %o contrel

‘ : vibratory energy produced by operating Air Force
propulsive devices 80 a8 to prevent gtructural’
damase.‘

(a) to alr frames and alr frame components;

F ' (b) to other struétural elements located.
) L , adJacent to operating aircraft ‘or airuraft
i y k power- piants. .

Support*ng functions of thls research bullding are:
(a) to provide facilities flor calibrating acoustical mea~
suring and recording equipment; (b) to assist those respon-
sible for the development of power plants and the operation
of power plant test facilities to provide the noise control
measures necessary for personnel protection and for the

WADC TR 55-154 -3 ,
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protection of adjacent communities; (c) to assist various
organizations of the Air Materiel Command in providing
adequate nolse control technlques and facllitiegs for the
protection of personnel in éenglne test cells, flight line
maintenance cperations and aircraft fabrlcatlion and repair

facilities.

SECTION III
ACOUSTICAL ANALYSIS

The acoustical analysils of this facility has been '
performed wiqp two primary opJecti?es in mind: .

(1) To provide for acceptable ambient sound
.preassure levels 1in various c¢ritilcal spaces;

(2) To provide special acoustic properties such
as controlled reverberation, "free-field"
conditions, diffugse sound field conditions
ete. 1n various spaces. ' -

The ambient noise levels in any room in the building
willl result from noilise transmitted into the space from out-
silde the building, or from adjoining rooms, or both,
Another important contributor to the amblent nolse:levels

. will also he mechanical equipment, A detalled analysis
of the mechanical equlpment nolge problem is not presented

in this report and will be discussed only in general terms.
N . .

"The m&iimﬁm exterior noise source levels to be con< " "
sidered as governing the acoustical requirements for

3vexterior wall isolation are assumed to be those produced

by & B-52 alrcraft flying over the facility at an altitude of
approximately 300 ft. The B-52 18 powered by elght J-57
turbojet engines without afterburner, each having a’thrust

- of approximately 10,000 1lbs. For this condition the estimated

noise levels as a function of frequency exigting over ‘the
exterior surfaces of the facllity are pleotted in Fig. 1 as
spectrum develss In declbels re 0.,0002 dyne/om2 for a 1 ops
bandwidth. The equivalent octave band levels corresponding
to these "spectrum levels are also listed below in Table I.

WADC TR 55-154 . -5 -
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TABLE I

ESTIMATED SOUND PRESSURE LEVELS AT EXTERIOR WALL SURFACES
DUE TO B-52 FLYING 300 FT OVERHEAD WITH EIGHT J-57 TURBO-
JET ENGINES OPERATING AT MILITARY POWER

Frequency Sound Pressure Levels A
Band in decibels re 0.0002 dyne/cm”
cps

20-75 119
75-150 123
- 150-300 127
300600 127
600-1200 ‘ - 125
1200-2400 ' 122
2400-4800 L0117
~ 4800-10000 . , 7 113

‘The noise reduction rsquirements for the roof and wall
surfaces of each of the spaceéy under consideration are
determined by comparing tlhie estimated maximum uncontrolled

~ambilent nolse levels-in a room- ‘with the- applicable criterion |
“levels for' the room. The differences in decibels as & func-

tion of frequency between the ambilent levels and the

the intruding noise levels as well as the criterla differ
from room to room, and also since several rooms have spe-
cial acoustical -requirements, the acoustlcal . analysis of

esch room 1is discussed separately below.

't

A. - Anechoic Chamber, Room 1-1

(1) Funetional Requirements. The purpose of this space
is to conduct research or development programs or tedt
experimentation programs undsr condit;ons simulating free

WADC TR 55-154 -6 -
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space, Antlclpated research programs will include hear-

ing studies on man and animals, the calibration ¢f micro-

phones, the study of the acoustical properties of Jjet sound

sources and the calibration and standardization of all

special sound socurces for generatlng very intense sound
lelds.

(2) Performance Requirements. Those requirements
governing the acoustical perPBrmance of this room may be
stated as follows:

(a) Sound pressure levels in the chamber
will "range from 140 to 170 db higher",

(b) Outside noise transmitted into the chamber
must be' "non-detectable by the human ear”.

(c) All interior room surfaces are to be non-
sound reflecting or "anechoie", | ‘

(3) Criterion for Ambient Noise. The problem of
establishing & criterion for ambient nocise levels based
upon a non-objective requirement that these levels be _
non-detectable by the human ear 1s a difficult one. First
of all there 1g the problem of Interpretation. In this
respect 1t has been assumed that this requirement willl be

satlsfied 1If the maximum amblent noilse levels 1n the chamber

lie in the neighborhood of the'threshold of hearing for
continuous nolse for individuals with normal hearing. (The
threshold for individuals who have acute hearing may be
somewhat 1ess ) Proceeding on the basis of this assumption
one is then donfrented with the fact that the threshold of

. .audibility for continuous noise has not been measured.
"-Therefore, the problem becomes one of utilizing available

data relating to this problem to determine an acceptable

engineering criterion.

Some ‘of these data are summarized in Flg., 2. Curve 3
1s a modified plot of the American Standards Assoclation

/minimum audible field (MAF) absolute threshold curve for
/ pure tones 1/. The measured threshold which was obtained

from measurements on young subjects with acute hearing

‘has been medified by taking into account the masking

effect of critical bands. of nolse on pure tones to approxi-
mate the threshold for continucus nolse. This modification
took the form of subtracting from the pure tone threshold
curve the critical bandwidth in decibals as a function

of frequency.

WADC TR 55-154 -7 -
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Another approach 1s to utillze the equal loudness
contours for bands of noise 250 to 300 mels wide as mea~
sured by Pollack 2/ on highly trained observers. The lowest

: equal loudness contour he reports i1s one for a loudness

' level of 4 db. Sultable corrections have been applied to
the data, which were measured Just beneath the cushion of an
earphone, to convert them to MAF data. In addition, the data
have been converted to spectrum levels (since the measure-
ments are presented for bands of noise). The resulting
spectrum 1s shown as Curve 1 in Flg. 2,

St1ill another possibility 1s to make use of the equal
masking data of Fletcher and Munson g/ which was presumably
measured on subjects with acute hearing. They have published
contours of equal masking for continuous nolse, The lowest
contour they report is one for 5 db masking. This contour
has been plotted asg Curve 2 in Fig. 2 and 18 directly com-

~parable with Curveg 1 and 3 since 1t also represents MAF data.

" , It 1s clear from an examination of Fig. 2 and the .above

i discusslon ‘that there are geveral ways of estimating a

-sultable criterion applicable to this problem. Alsc, there
poeoo T is some uncertainty even among the data shown in Fig. 2 as
v evidenced by the ¥ 5 db or more spread of absolute levels

T among the three curves. Therefore, the selection of a cri-
i .. .teplon that will be completely satisfactory and at the same

‘ time economically practical can not be eddlly made. However,

: : for englneering deslgn purposes, the design criterion

v ~ utllized 1n the analyses.of thls report 1s shown by the

Co upper curve of Fig. 2, -labeled "Design Criterion'. | ;

i e o e g g B PO

3 SR , ' This deslgh crlterion curve was «determined by first
S . averaging Curves 1, 2 and 3 of Flg. 2. S8ince the data.

i b being utilized are elther for people with acute hearing or

N o for trained observers thls average curve represents a lower :
b .. - bound. Therefore, to obtaln a criterion of "non-detectability"
, b . applicable to individuals with-normal- hearing; the average :
e 77 Jeurve has been raised by 10 db. This amount represents the

‘;W? ‘ average difserence in normal threshold, as specilfied by the« .
ﬁ”**' American Medical Aasoclation, and the threshold for well-

F : trained listeners with acute hearing who were used in the
I determinatidén of the MAP threshold in a laboratory.

(4) Free-Field Requirement. To satisfy the performance T
I requirement of simulating the propagation of sound in a
i : free-field condition, a special "anechoic wedge" construction
has been shown on Flg.A-13, The design of thls wedge has been
baged on the experimental data obtalned by Beranek and
Sleeper,_/, Individual wedges have been grouped into clusters

RN R RS

AR B
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wedge cluster conslsts of nine Separate wedgeg having 8 in,
square bases., The total depth including the alr space
back of the wedge 1s U8 in.” (irom wall Surface to tip or
wedge). The aip Space is 4 5/8 in. behing the wedge, a
base length or 7 3/8 in. for the wedge and g tapering
length of 36 inches.

hundred timeg the ratio of reflected sound pressure to
the incident Sound pressure for sound normally incident on
the ‘structure. The selection of the Percentage sound pres-
Sure reflection V8. percentage sound énergy absorption is
4 more desirable orainate since the region between 99 and
100 per cent energy absorption corresponds to 10 to 0 per
cent preasure reflection respectively, Thus;_using the
bercentage sound Pressure reflection, one is able to
obtain a more 8€nsitive indication of the differences
among the highly.absorbent structures. 71t can be ‘geen
that the lower cut off frequency for this wedge construg-
tion 1s approximately 72. ¢cps (the préssure reflection is
greater than 10 per cent below this frequency, which
repregentes g maximum drop of 20 db). The flow resistance
Specification for this wedge 1is approximately 10 rayls/in.
This requirement 1s met by &.2,5 1b/rt3 dengity PR -
"Flberglas. It should be noteq that the berformance of
these wedge structures 1gs based on eéxperimental datg .
involving plane wave pPropagation in an 8 in, impedance tube.:
Under uatusgl operating conditions of spherical wave Propaga~
tion in the anechoic c¢hamber, some variations will oceur

» Llie., 1t may rise to 100 eps

its location with réspect to

P e R N

The noise feduption ’ o
and the anechoic chamber.
racting the design eriterion .

~-levels (see Fig. 2) from the maximum estimateq exterior
noise levels (see Fig. 1). Thege requlrements have been
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degree of reductlon can only be achieved by a completely
1solated double wall structure, The composite wall
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construction selected for this design consists of two
structurally independent 12 in., thick poured reinforced
concrete walls, separated by a 4 in. cavity completely
filled with a glass fiber blanket. Curve 2 of Fig. 4

is a plot of the estlimated transmission loss of this
double-wall structure plus some nolse reduction realized
from the sound absorptlon wilthin the room. It can be

seen that the requirements are Just satisfied at fre-
quencies below 4000 ¢ps and exceeded at frequencles above
K000 cps. Figure 5 shows the estimated noclse spectrum that-
would exlst 1nside the anechoic chamber for the maximum
expected exterior noigse levels; 1.e., when a B-52 is passing
300 ft overhead.

The above analysis 1s summarized in Table II below
on an octave band basgis., In Column 2 are listed the
exterlor nolse levels (see Table I) due to the B-52 and in
Column 3 are tabulated the criterion levels wilth a * 5 db
gpread. Subtracting Column 3 from Column 2 results in
the noise reduction requirements as listed in Column 4.
The estimated transmission loss of the recommended double-
wall construction 1s shown in Column 5. Column 6 shows the
estimated reduction due to room scund absorption. The
total noise reduction is a summatlioh of Columns 5 and 6
and 1s listed in Column 7. It 1s geen that the requlrements
are met 1n all bands except the 150-300 c¢ps band where the
deficiency 1s only 1 db. In Column 8 is listed the esti-
mated maximum amblent nolise spectrum in octave bands.

It should be emphasized that these are maximum

_expected: levels. Thus, 1f a Jet alrcraft powered by only

one J-57 turbojet engine passes as close as 300 ft from
the facllity, maximum levels expected inside the chamber
will be 9 db iess than those shown in Filg. 5. For normal
ambient levels outside the facility comparable to those

ear any airport or air base the interior levels will, of
course, be even lower, _

" The transmisslion loss for the recommended double-wall

Construction for the anechois chamber has been estimated

in the following manner: At freguencles below the first
resonance. of the single cavity construction, 1t may be
assumed that the single cavity wall behaves 1ike a single

~wall of the same comblned mass, 1.e., the transmlssion

loss in decibels can be determined from the well-known

\
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_are not expected to exceed the exterior noide levels
estimated for the' low-flying B-52. Congequently, the
-double~wall Stricture required for the roof and walls of
‘the anechoic chamber will be more,than adequate in pro-

- chamber, However, the. simultanecus us

I

random incidence mass law curve 5/, The approximate fre-
quency at which the first resonance occurs in a single
cavity construetion 1s obtalned from the followlng expres-
glon:

m, +m
17 M
£ =50 —
(o) ml m2

where m] and my are the surface welghts of the respective
walls in #/sq Tt and @ 1s the dimension of the cavity in It,

. For two 12 in. concrete walls spaced 4 in. apart f, is
approximately 10 c¢ps. At this frequency the transmission
loss 18 theoretlcally zero. However, 1n most practical
cases the transmission‘loss decreaseg only slightly in the
vielnity of resonance. : In the frequency range above the
first resonance, the transmission logs increases at a rate
greater than the 5 to 6 db per octave. expeéted for a

single wall ¢f an equivalent mass. For double wall struc-.
tures 1t has been found that this increase 1s of the order
of 12 db/octave up to the second wall resonance which
occurs where the cavity dimension 1s equal to one- half
wavelength in air. Above-this second resonance which
occurs at about 1600 cps, values of transmlssion loss in-
crease at least 5 to 6 db/octave 4in ascordance with the ran-

dom incidence mass law for single walls.

Noise source levels in réoméﬂadaoin;ng'tneaanechoic
Chamber, with the exception of .4 high intensity pure tone
component produced by a siren ln the Sound Sources Stage, -

viding:noise isclation between adJoining rooms. and. the - -
6guirément of the
Sound Sources Stage- (for experimental work in the coupled

.reverbgration rdoms) and the “Anechoic Chamber’will be

difficult to satisfy 1f a siren is in operaticn in the
Sound Sources Stage as a gound source for the coupled
reverberation réoms due to back radiation of sound from
the siren. This problem may be solved by scheduling of
operstions. " '

WADC &R 55-154 - 16 =
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(6) Ventilating System. While the acoustic design

for the ventillatlng system is not covered in detail in

this report, it 1s nevertheless difficult to avold con-
sidering 1t in the preliminary design stages. To minimize
the possibility of additional nolse sources contridbuting

to the amblent levels in the chamber, a separate alr
conditlioning unit system has been specified to supply and
return air on a closed clrecuilt for the chamber only. Suf-
ficient space provisions have been made 1n the mechanical
equipment penthouse for installling acoustical treatment
required for the attenuation of expected nolse levels from
“the fan and compressors of the alr conditloning unit. Access .
panels ahould also be incorporated in the system for chang-
ing air filters in the ductwork. The apecific acoustical
design for this system cannot be made until final selection
of the units has been made by the archltect engineer.

It should be polnted out that the acoustlcal design of
the ventilating system is very important in realizing the
ambilent levels as represented by the amblent noise design
griterion (see Fig. 2). It Ls suggested, therefore, that
plans be made to provide the architect with the services of

acoustical congultants 1in arriving at the proper acoustical
deslign for thms system.

/,

It has bean,established in the/program that there will

- be’ experiments conducted which invblve introduction of high

velocity air streams into the Anecholc Chamber. The duct- ' i
work required for human comfort ventilating, shown in O
 Figs. A0 through A-221s not capable of discharging these N
high velocities, Correspondingly, & specially deslgned i
system has been incorporated which exhausts to atmosphere. 1
This system hag been detalled on Fig. A<lO, It will be
capable of discharging the expected alir volumes and will i
simultaneocusly provide thée required sound attenuation neces- | ;
sary to satipfy the design criterion, When. the hlgh velocity
alr ayatem le not in use, it 1s proposed that the opening
be closed as ahown An.the. detail 1abe1ed "Remevable Kalamien
Panel” o
. il

f
B. Studib - Room 0 -3

(1) Functional ‘Requirements . This area 1ncludea

“Rooms 0~-3, O-1 &nd 0-2 and will be used for conducting experi-

mente on volce communication and the physiology of human

speaking.

"WADC TR 55-154 ' - 17 -
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(2) Performance Requirements.

(a) Diffusion. To realize the optimum
acoustical performance in a studioc,
particularly in regard to a non-
discriminating monaural pilckup, 1t
18 desirable that the room have a
nearly equal distribution of sound
pressure throughout 1ts volume to pro-
vide a uniform transmission-frequency
characteristic. Irregularity in the
nodal patterns caused by standing and
statlonary waves (produced by outward
and backward travelling waves whicl: add
-in magnitude) 1s highly desirable.
Particular attention should, therefore,
bé glven to the room dimensions and gross
shaping. Maximum randomizatlon of the

reflected sound energy,-.particularly in
"the speech bands, by the use of speclally.
deslgned sound diffusling panels is
mandatory. o

(b) Reverberation. Variable reverberation
characteristics are required to simulate -
many possible acoustical environments for
experimental studles on speech articulation.

- Provisions should, therefore, be made for
flexibility in placement and amount of -
sound! absorptive material so that the resulta
will hot only yleld varilable reverberationu.

Ty -~ - - but additional diffusion. The bagig room/

shall have fno sound abgorbing material 80
that maximum: reverberation time may he
realized.

',
]

(3) Criterion for Ambient Nolse..: "o provide f¢r am-

‘bient noilse 18Vels In the studlo that will permit the satis- f

‘ ! factory use of the studio as specified above, the same

criterion employed in the Anechoic Chamber has been selected.;

in Table I) due to a B-52 airdraft flying at appreximately
00 £t altltude. Therefore, the nolse reduction requirements
or the exterlior wall of the studlo are similar for the

' WADC TR 55-154 .18 -

”“? o (4) ‘Noise Conbtrol -Analysis. The most critical exterior
‘noise levels expected to De éncountered during the operation
- of the studio are those shown.plotted in Fig. 1 (and listed
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anecholc chamber and can only be satisfled by a double-
wall construction. This constructlon conslists of a 12 in.
thick dense concrete exterlor wall separated by a 4 in.
cavity contalining a glass wool blanket from a structurally
isolated 8 in. dense concrete inner wall. The estimated
values of transmission loss of this double-wall structure
are slightly less than those for the double-wall structure
recommended for the anecholc chamber. Nevertheless, this
~double-wall structure will be adequate because the exterior
wall of the studlo will be retaining earth for most of 1its
 neight, thereby reducing somewhat the nolse reduction re-
quirements of the outer wall. i

, ~ha double-wall structure, even 1f it retains earth

 for its complete height, prevents any possible "short
circuiting” condition that would exist in the case of a
single wall. With a single outer wall, alrborne and struc-
ture borne vibrations could exclte the exterior wall above
grade and enter the studio by flanking through the founda-
tion wall. The double-wall permits the studio to be com~
pletely isolated from Lhis possible. flanking path.

A double wall” construction has also been used for
the interior walls, roof and floor of the studio. This
structure consists of two 8 in. thieck reinforced concrete
leaves separated by .a 4 in. space with a glasd wool blanket
filler.. The sound isolating characteristics of this double~
wall will provide a-high degree of noise and Impact _
isolation between the studio and adjoining spaces., The

" estimated values off transmisgsion 10&3 fop this construction

are listed in Celumn 2 of Table IIL, i In Column. 3 1s
tabulated the.design criterion, . Addinﬁ folumns 2 and 3

- —results inthe maximum levels (Column.l) permissible in
spaces adjolining the studio with the recommended double-

~wall structure, It 1is seén that the octave band noise

the 1evels ‘are- 109 db or higher in all bands.

(5) Special. Acoustical Design.

(a ' Frequenc Tranamiss*cw Cbaraoteristics and
Dif%usion. ldeally, optimum design of a
~ BEUAIC would yleld a maximum of sound dif-
fusion 80 that there would be no sound

pregaure varisation from point to point
measured in the room volume at a given time.

i
I

WADC TR 55-154 - 19 -
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TABLE III

MAXIMUM PERMISSIBLE LEVELS IN SPACES ADJOINING THE STUDIO
WITH RECOMMENDED DOUBLE-WALL STRUCTURE FOR WALLS, ROOF AND
FLOOR OF STUDIO

1 2 3 L
Estimated Maximum
T.L. of Two . - Permissible
8" Qoncrete , © Levels in
Frequency Walls 4" Design © Adjoining
Band Apart Criterion Spaces
cps : éb db db
20-175 54 g2t 116 £ 5
75-150 67 - urts 1k Is
150-300 | 79 . 3xts 14 T 5
'300-600 91 25 ¥ g 116 5
600-1200 98 18T 116 ¥ 5
1200-2400 , 99 S 13%5 nsfs
2400-~4800 96 - - 13%s 109 ¥ 5.
4800-10000 105 " 225 1273 5

5 Practically, this is not possible. The
.~ ./ - . variables which establish limits of dif-
Co fusion as a function. of frequency are-

C 8 (1) Volume of room . A
(R} Dimension ratios !
{3 Sound scatteriﬁg elements
- tritroduted” on the boundary
: .7 surfaces and "in. the room volume

;oo L "{4) Distribution of sound sbsorbing
. ‘ .and sound reflecting materlals

which affect reVErberation.

Special considerations have, therefore,:

" been given to the studio dimensions in
achleving the optimummfrequency transmisgion

WADC TR 55-154 - 20 -
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characterlistics at low frequencies, The di-
mensions of this rcom (20 It x 28 £t x 13 ft)
supply the dimensional ratios of 1 to 1.54 to
2,15, It may be seen from Fig. b6a, after
Bolt 6/, that this falls within the area
enclosed by the curve which represents the
smoothest low frequency response (minimum
degeneracies and maximum spacing between
nodal planes). From Fig. 6b, for the room
volume of 7,280 cu ft, 1t can be seen that
the valid frequency rangP 1n which this re-
sponge exists 18 - 30 eps to 90 ¢ps.

To achieve the diffuse field conditions
above the frequency rdanges where dimensilonal
ratios and gross shaping are predominant
contributors, it 18 necessary to introduce
sound scattering elements 1lnto the boundary
aurfaces. The effect of reflected wave
propagation relative to the sound scattering
elements may be briefly stated as follows:

(1) If the dimensions of the scattering
element are very much less than the
.wavelength, a minor effect on the
wave front propagation will result,

(2) If the dimensions of the scattering
element are comparable to the wave-

. length, a complex diffraction of the
wave front will result.

" (3) If the dimensions of the scattering
‘ ~element are much greater than the
- wavélength, the reflectlon of the
wave front will be governed by the -
"limdting case of geometrical optics.

Therefore, 8- series of spenially de-~
sisned trapezoidal concrete panels shown in
Figs. A-14 and A-14A have:been incorporated
into the four walls and ceiling structure.

The sound diffusing panels vary in horizontal
and vertical dimension from 6 in. to& 11 £t 6 in.
in multiples of two, four and six inches, and
vary in depth from 1 in, to 12 inches. These

- panels will furnish dilffuslon 1n.the frequency

WADC TR 55-15b

range above 100 cps. The spacing irregularity: of
the panels and the irregular patterns of pro-
Jection into the room willl provide additional
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CURVE ENCLOSES DIMENSION RATIOS
GIVING SMOOTHEST FREQUENCY

. RESPONSE AT-LOW FREQUENCIES IN
SMALL RECTANGULAR ROOMS,

" (A) |
DIMENSION RATIOS ¢ |:X:Y

3

i

. &
./"

FREQUENCY- C.PS.
3

(0] # &t , ’
0 8000 16000 24000,
' VOLUME ~ CU. FT.
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FIGURE 8
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diffuslon in higher frequency ranges due to
the edge effects of the panels, Additional
high frequency diffusion is also achieved

by the two-l1lnch spaclings between the separate
panels and irregularitlies due to construction.

Reverberation Control. Figure 7 shows two
curves which represent the maximum and mini-
mum reverberation times as a function of
frequency attainable in the studioc. This
varlable reverberatlion 1s achleved In the fol-
lowing manner: on the east wall of the studio
a storage facility (detailed in Fig. A-14 has
been provided for moveble sound absorbing
panels, These panels are 12 ft 0 in., high
(floor to celling), 3 £t O in, wide, and 2 in,
thick with a glass wool blanket filler faced
with open wire mesh. A single door permits
access to this space In the center of the east
wall and a removable track section is %hen
placed in the door to permit the panels to be
rolled out into place. These panels are.
mounted on a single full swivel suspengion

. from the overhead track. When all of the

panels have been rolled from their storage
positlon and set in place on the four walls,
the resulting reverberation time as a function
of frequency will be that indlcated by the
lower curve on Fig, 7. When the panels are

in their stored position, the estimated

,resulting reverberation from the bare con-

crete room is represented by the upper curve
in Flg. 7. It 18 evident, therefore, that
the flexibility provided by these movable
sound absorbing panels permits the achleve-
ment of any reverberation time shown within
the boundary limits of the upper and@ lower

. curves of Fig. 7

WADC TR 55-154

The reverberation characteristics of

-the studic have beeén calculated using the

clasglcal formula of Sabine with the Norris-
Eyring correction and ineluding air absorp-
tlon in addition to the boundary absorption .
The equauion i1s as followsz
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. and return alr to the studilo.

_ .olg ¥
TR = ——

S log, (1 1 = )+ 4mvV

=3

R = Reverberation time in seconds

V = Volume of room in ft3

S = Area in ft2

a = Average absorption coeffilcilent of the
boundary surfaces at a particular fre-
quency

m = Absorption coefficlent of air at a

specified relative humidity and frequency.

From the above expresslion one finds that the
maximum' reverberatlion time in the lower and
middle frequency range (80 cps to 1000 cps) 1is
limited by the hardness and non-porous ¢har- ..
acterlistics of the boundary surfaces. Below
80 cps the reverberation time is not expected
to continue to Increase due to the viscous
damping of structural vibrations. The reaction
cf the room to the very low freguencles is Co
peculiar to the dimensions, shape and strue- .
ture. ; The unique construction of the trape~
zoldal masses on the walls and celling,
coupled with the structural isolation of ‘the
room from the building mass makes predictions

- in . the very low frequency rangs virtually.
lmpossible within any degree of englneering
acovracy. Above: 1000 ‘¢ps, the maximum

';)reverberation time is _primarily controlled by
the alr absorption. Valuea of air absorption
used in the calculations discussed above are
based on a relative humidity of 70 per cent, .
which is a practleal desigh standard from the

““standpoint of human comfort anii climate control.

(6) Ventilating Sysbem To insure that the ambient

noise design criterion Tevels will not'be exceeded by ventilat-

ing noise, specially designed s¢und attenuating devices should
be insgtalled in the ventilating~system servicing the supply -

Precautions should also be
taken against sound origlnating in adjoining spaces and belng

WADC TR 55-154 -
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transmitted through the duct and the duct wall enroute
and thence into the studlio. Sound isolation will, therefore,

be required between the duct system Bervicing the studioc and
potential sources of noclse Intrusion.

Preliminary design considerations have been given to
the ventlilating system servicing the studio. The special
sound attenuating structures shown on the supply and return
system in Fig. A~20do not represent final design recommenda-
tions but are intended only to serve the purpose of indilcat-
ing that some special sound attenuating structures will be
required. It should be pointed out that the nolse generated
by the sir handling units in this system will be the

principal contributing factor to ambient sound pressure'levels
in the studio.

€. Sound Sources Stage and Associated Work Area (Booms 1-25
and O=2h) _ ‘ .
(1) Functional Requirements. This area will house
nolsy operations and machinery., It will be used to operate
‘and ‘to store the special sound generators (sirens, air Jet

- generators and others) used with the anecholic chamber and the

coupled reverberation rooms., Provisions Shall be Incorporated
in the »oom deslgn to permit nolse generating equipment to be
rolled into place at required openings ihtd rooms 1-1 and 1-23.

The.sound source accessory area roocm O-24 will be used to ‘ b
_houge sair compressdrs, motor.generators and compressed air

storage tanks to be used for the special sound generators and - - j
other equipment. _ ,y . o o

(2) Performance Re uirements. No specifie“acoustic '
performance requIremengs, Tor example, free field conditions,

.diffusion, ete. are required in the sound sources stage.

"(3) During inactive and preparatory operation time of
this spage, -a design ¢riterion for speech communication of
8C-45 has been selected 8/. This criterion is tabulated in
Table IV. The number 45 refers to the speech interference
level, which is the arithmetic average In decibels of the

gsound ﬁressure levels in the three octave bands, 600-1200 cps,

1200-2400 eps, and 2400-4800' cps. In an SC-45 environment it

is possible to carry on a relaxed conversation and communi—
cate in a normal voice at 10 fee+

During operational periods where high intense sound
Flelds wlll be generated while conducting an experiment, the

WADC TR 55-154 - 26 -




L s s g L AR

g}

back radiation of sound energy from the sirens or alr jet
streams will produce intense scund fields in the sound
sources stage 1ltself. Precautions should, therefore, be taken
during operation of this space against personnel exposure

to high intensity sound flelds for prolonged periods.

TABLE IV
SC-45 DESIGN CRITERION FOR SOUND $OURCES STAGE -

Frequency Band Sound Pressure Level
¢ps ? db
20-75 , 78
75-150 / 68
150-300 - ' 60
300-600 53
600-1200 . 48
1200-2400 . a oyl
2400-4800 y2
4800-10000 41 ;

(4) Noisé Control Analysis. The acodustical require-
ments of nolse isgolatlon are concerned primarily with con- T
taining the high intensity nolse levels generated in the SR
sound sources stage 1tself. It has been assumed that the
nelse levels occurring In the exterior vieinity of the

g by

=

e

Pacllity because of nolse generated in the sound sources | %’
“stage should not exceed an 3C~50 criterion. These criterion :

levels are listed in Column 2 of Table V. The estimated

transmlission logs of the recommended double-wall construction

18 shown in’'Column 3. The double-wall consists of two. L
separate leaves of 12 in., poured reinforced dense concrete i
separated by a 4 in. space completely filled with a glass :
wool blanket. In addition, the entire ceiling of the sound

sources stage 1g to be covered with a 4 in, thick sound :
absorbing blanket of 4.25 1b/ft3 density PF Fiberglas. This =~ '
celling treatment will provide a reduction of noise levels '

WADC TR 55-154 Lo
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as a function of frequency in the reverberant fleld as
listed in Column 4 of Table V. Adding Columns 2, 3 and 4
results in the maximum permissible nolse levels (Column 5)
which can exist at the 1nslide face of the exterlor wall of
sound sources stage 1f the noise levels outslde the facllity
are not to exceed SC-50. It 1s seen that these maximum
levels range from 145 to 168 db.

It 1s agssumed that instruments for generating nolse
in the sound sources stage wlll produce pure tones having
a sound pressure level of 140 to 170 db or higher. From a
study of Table V, especially Column 5, it would seem that
levels in excess of 168 db could not be generated without the
rigk of producing levels adjacent to the facility in excess
of the design criterion. However, at these proposed high
intenslties the sound close to the source will undergo ex-
cesslve attenuation due t¢o the non-linear properties of the
propagating medium (air). Therefore, although sources will
be employed to generate levels of 140 to 170 db or higher,
it i1s estimated that the levels Just inslde the exterior

 wall will not exceed those levels listed in Column 5 of

Table V. o ] i,

With the proposed double~ wall construction the
ambient noise levels in the sound sources stage pue to the
B-~52 passing overhead will not exceed the uesign ortterion

Of 8C-45, _ ]

‘ The high 1ntensity -sound produced in the sound gources -
stage will-be directed eilther into the anecholc .chamber.or.:
the coupled reverberstion spaces. The inatrumerits producingw
the sound will be sealed around their perimenter to the & -

appropriate openings of the adJolning spaces. There will‘be

somé back radiation from these devices that i1s difficult .|

to predict,. and if cceupancy 18 to'be maintained during tést B

operations, it may be desiragble to glve further gtudy to: B
enclosging. these 3nstruments ‘to reduce the levels in the room .. .

1tse1f

The 1nterior walls, roof and. floor of the sound sources
stage are also of doublejhall construction to provide a
maximum degree -of sound 1solation for adjoining spaces dur-
ing operation of the noise generating equipment in the sound
sources stage. The estimated values of transmission loss

for the recémmended double-wall construction are the same

‘as those listed in Column 5 of Table II on page 15. It is

seen that the estimated transmission loss for this construc-

tion exceeds 70 db in the 75\150 cps and higher octave bands.

WADC TR 55-154 | - 29";
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This conforms to a basis requirement that the transmission
' loss of the walls for this room be at least 70 db in the
. 75-150 cps, 150-300 ¢ps and 300-600 cps octave bands, and
. higher at higher frequencies.

(5) Ventilating System. Inasmuch as the sound sources ;
stage 18 e printipal area for the generation of high in- '
: tensity sound flelds, the supply and return-air unit air
J conditioners that service the mound sources stage &and ailr
compressor space have been lsoclated from the mechahlcal
cguipment spaces which service the other rooms in./this
' faclility. It 1s felt that the additional expense involved i
in the design and constructlion of & special sound attenuating .
: structure on the exterior wall 1s warranted by eliminating o
L the possibility of sound transmission through a rnormal exposed
! o duct system to the rooms requiring low amblentznoise levels:
V in the facility. R d B

‘ . In the design of this special sound attenuating -
P structure on the exterior wall, Lt has been assumed that the
T sound sources stage and alr compressor space shall be used
Lo -s8imultaneously. In the event that this 1s not always the
vk . case, the. introduction of sound to either of the ‘inoperative
i _ spaces when one; is in ‘operation should not present any ,
C further acoustical problems, providing the doors to both
ro spaces are tightly olosed. : N S

(6) Equipment Qgenings. Figure A-17 indicates in detall

the necessary provisions for sealing the required openings :
in the e&ast and west wall of the sound sources-stage,— The —
removable ‘panels which coriatitute the closure are congtructed S
{ of sand~filled cellular steel-or aluminum core-with -shaet i w
~steel facings bonded t6 the core. -These panels are securely . O o
"gasketed on their entire perimeter by means of a double gasket = . - \

- gystem of different rubber durometers, and pulled up tight L
- by means of bolts on the panel frame. ‘The use of small ™ "> - ¢ - L
panels provides eggei¢f handling and a variable opening sige, . . .,

o e e

PR TR

b D Coupled Reverberation Room Ares (Rooms 1-23 ang.}5§ﬁ7‘ 

| (1) Funcéidnal”negﬁifamentsﬂ The coupled reverberation -~ .
rooms wlll be used- for testing sound control. structures-for .=~ °

. human and animal experiments requiring intense uniform sound
. f1elds and .for evaluating the ‘transmission loss of wall ’
I . structures to be used in USAF facilitiles. Rooms 1-21 and 1-22.
o serve as control and recording equipment irooms and as a '
record analysls area. ‘ g

s i g Py
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" incorporated in room 1-2U4 for the introduction of.sound

(2) Performance Requirements. The acoustical performance
requirements for the evaluation of transmlission loss of walls
require the use of two rooms and an lntervening test panel
opening. The locations of the sound source employed during
transmission loss tests on wall panels will be either 1In the
reverberatlon room 1-23 or in the wall opening to the sound
sources stage. The test panel or the test wall 1s inserted
in the 7 £t by 8 ft opening between the coupled reverberation
spaces. The average sound pregsure level 1s then measured in
both rooms at a number of different pcsitions. In room 1-23

" the sound pressure level 1s measured in the reverberant regim

off the room.

In room 1-24 (the receiving room) the sound pressure :
level is elther measured by averaging the sound pressure level
over the entire volume of the room, or by averaging it in a
plane parallel to and very near the test panel. To obtain,
insofar as possible, a minimum deviation 1n the sound pres-
sure levels in room 1-23,1it 1s necessary that ‘standing and
statlonary wave patterns be randomlized by the ipntroduction of
non-parallel walls and diffusing panels. This 1s of parti-
cular importance in room 1-23 where the volume measurement

. technique will be employed to determine the average sound

pressure level in the room. . Developments in the éxperimental
proceduré for the evaluation of transmission loss of panels
indicate that measuring the average sound pressure: level in a
plane parallel to and very near the ‘test panel with conslder-
able sound absorption.in the receiving space (1-24) ylelds
the best results 9/. Provisions should, therefore, be ’

absorbing panels when desired

- (3) Criterion £op Amblent: hoisé. Fer proper use of
these gpaces 1t-has been assumed that -the .ambient noise

-levels should not exceed the design oriterion employed in the

acoustical &nalysis of . .the an&cholc ichamber and the studio.

" Thege c¢riterion lesvels are plotted-in. Fig. 2 and are tabulated
o in Cclumn 3 of Table II Onfpageflﬁ ~~~~~ i}

(LL) Noise Control Analysis Since the ambient ndise

,design critepion 1s the same as selected for the anecholc

chamber and since the maximum exterior nolse levels to bé con-
sidered are those from the B-52, the noise reduction require-

ments for ths exterior wall of the coupled reverberaticn area

are those listed in Column 4 of Table II on page 15. The

recommended double~wgll construction of 12 in. of poured

concrete, a 4 in, space filled with a glass fiber blanketg
and 8 in. of poured concrete will adequately satisfy the

© requirements in all octave bands except the 150-300 ¢ps band

where the deficiency 1s only of the order of 3 to 5 db.
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The design of the interior walls and roof of these
spaces 18 based on two primary considerations: (1) the
containment of high intensity levels in room 1-23, and (2) the
need for reduecing the nolse levels transmitted from the sound
gources stage to room 1-24 to the ambient noise criterion dis-
cussed above, The recommended double-wall constructions for
these interior walls (combinations of two 8 in. walls spaced
L in, apart, or a 12 in. wall spaced 4 in. away from an 8 in,
wall, or two 12 in. walls spaced 4 in. apart, where the 4 in.
space in each case 1s completely fllled with a glass fiber
blanket) will satisfy these requirements. These walls will,
in general, provlide the required transmission loss of 70 db
in the 75~ 150 eps, 150-300 c¢ps, 300-600 cps and higher values
at higher frequenciles.

The possibilitywexists that the simultaneous use of the
gnecholc chamber and coupled reverberation spgces may be
somewhat limited when intense sound flelds are beilrig generated
in the anecholc chamber, due to the back radlation from the
noise generating equipment located in the 'sound sourceg stage.

(5) Reverberation Control and Diffusion. ' In room 1-23
(source room) the interior wall and celling surfaces are both -
highly sound reflecting and sound diffusing. A special
metallic hardener admixture in the concrete finish will pro-
vide the walls and celling of the room with & low average
sound absorption coefficient. The required diffusion is ob~-
tained by the use of specially designed panels shown in .. .7
detall in Fig. A-18A o

In the performance requirements above, it was pointed

" out that new measuring téchnigques may be employed in the

receiving room for the measurement of transmission loss char-

 acteristits of wall panels, These technigues will not -
.require a high degree of sound diffusion in.the receiving E
" room, but will require varisble reverberation characteristics.

In Flg. A~3 . & smeries of movable sound absorbing panels are

_shown in' a stored position on the west wall. These panels
are to be rolled into place against thée walls when measure-

ments are to be taken requiring & non=~ reverberant rOom,

Since the:walls of both rooms are non-parallel, no
accurate predictlon based on statlstical data can be made
relative to the low frequency response of each room. It 1s
estimated, however, that adequate randomness will exlst in

. the normal frequencies ¢of the room. The posstbility of

flutter echoes has also been eliminated,

WADG TR 55-154 -3 -
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(6) Ventillating System. In order that the ambient
noise design criterion selected for these spaces be satis-
: fled, it 1s strongly recommended that provisions be made
' for the inclusion of speclally designed sound attenuating
' devices in the supply and return air systems,.

To prevent the entrance of sound Into the duct system
where the ducts penetrate spaces other than the reverbera-
tion rooms, for example, the hall, and the control and
recording rooms, the entire celling below these ducts has

. been structurally detached from the duct work. This ceiling

- consists of a 1 in, thick hard finished plaster., Alr Con-

" ditloning System No, 2 which suppllies and returns air to
the coupled reverberation rooms also serves, in addition
to these spaces, the ear protection devices, the control and
recording rooms, and the general physlcs laboratory. Typilcal
sound attenuatling structures have been shown in the
dliagrammatic alr conditioning layout in Flg. A<l to prevent
the passage of sound to and from the ear protection devices

© test rooms and the physics laboratory into the duct work

s b - sepvieing the coupled reverberation spaces. The design

B . layout shown in these drawlngs represents only a simple

o o dlagrammeti¢ solution indicating the need for further study

Vo ' in this area.

E. General Physics Iaboratory Area, Roomg 0O-20-21- 22-23

Functional Reqpirements This entire area will bn

. P used or general experliments 1in physical acoustics, fér the

T : - test and evaluation of experimental equipment, and for high
’ ok : frequency equipment calibratlon.

o 3 It is also expected that' high energy’ transient L
e - acoustical sources, such as explosions or shock tubes, i
will be used in these spaces. _

N . Lo (2),Performenee Requirements, No specific requirements
TR T a i for scoustic perlfotmance 1s required in thils room other than
. L " standard nolse reductlon treatment to provide a satisfactory
P acoustical environment. The adjoining rooms, 0-22, 0-23 !
. and 0-21, that are to be used as experimental equipment B
| control, testing and-high frequency calilbration, will be - N
used as secondary tésting areas for the general physics ‘ '
b laboratory. Speclal provisions for instrument leads, “est ;
v panels, and recording equipment shall be incorporated:in the
o : general physics laboratory for the purpose of recording
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experimental work in the adjolning rooms. Special con-
slderation should be given to the high frequency calibratlon
space in order to obtain a nearly free-field condition in
the frequency range above 5,000 cps.

(3) Criterion for Ambient Noise. The criterion for
amblent nolse levels in these spaces has been chosen as SC-35.
This criterion will permit relaxed conversation at normal
volce levels in all parts of the room. The sound pressure
levels 1n octave bands for this criterion are listed in
Table VI.

TABLE VI
SC-35 DESIGN CRITERION
Frequency Sound Pressure Level
Band . ; ,

J'cpﬁ . db g
20-73 . 68 | | .
75-150 g 58 : f
150-300 ‘ 50 : B .
300-600. 43 R P

. 600-1200 . . .38 _ 4
1200-2400; Y ’ -
2400~ 4800 32 !

- 4800-10000 - 3

{4) Noise Control Analysis. The maximum ahﬁicibatedf
exterlor sound pressure’ levels to.be encountered during

‘normal operation of this facility will be those due to the

B-52 as discussed in a previous seéction. These levels are
plotted in Fig..l and listed in Table I on, page 6. The
estimated sound ‘pressure levels in the adJoining alr com-
pressor space (on the west wall of the physilcs lab) are
shown in Table VII. No valid prediction cén be made at this .
time of the airborne nolse to he generated'in rooms 1-19 : i
and 1-20 located directly ahove the physics laboratory. It

. “is not expected, however, that these noise. leve]s will

exceed those in the air oompressor space.
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TABLE VII
AIR COMPRESSCR SPACE-ESTIMATED SOUND PRESSURE LEVELS

Frequency Sound Pressgure
Band Level
cps db
20-75 86
75-150 93
150~300 . 86
| 300-600 .90
f 600-1200 90
f 1200-2400 90
2400-4800 - Q0
4800-10000 87

The entire general physics laboratory has been placed
below grade with double-wall construction. The structure
provides more nolse isolation from the exterior levels than
1s required to satisfly the SC-~-35 criterion. Thils selectlion
was made to satisfy the requirement for a minimum trans- *
mission loss off 70 db (in the 75-150 cps, 150 to 300 c¢ps,

. and 300- 600 cps frequency bandq, with greater attenuation in
* the frequencies above 600‘cps) and to maintain constructional

integrity with the double- wall structure specified for
contiguous areas.&v . ,

Sound absorption within rooms 0-20, O- 22, and 0-23 in

the form of acoustic tile cemented directly t¢ a suspended

plaster celling has. been recommended for control of noise

‘originating in theseiareas. .

The high frequency calibfation -8pace, room O- -21, has

a8 an additional performance requirement, that of providing

an essentially free-field boundary condition for frequencies
in excess of 5000 c¢ps. Te achleve this condition, all ‘

.. boundary surfaces of the room; including the iloor are

finished with a 4 in, thick 1ayer of 4/1/4 1b per cu ft-
PF type Fiberglas, , /
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(5) Ventilating System. Special sound attenuating
treatments should be provlided in the ducts serving these
spaces 1n order that the 8C-35 deslgn criterion is not
exceeded.

Simultaneous use of the General Physics Laboratory and
the high frequency calibration space should be avolded when
exploslve nolse sources are used 1n the former,

The ventilating system for the high frequency calibra-
tion space requires speclal sound absorbing baffles in both
the supply and return ailr ducts. A possible configuration
for the duct work which permlits the installation of required
ductlineyr as been shown in Flg. A-20.

F. Nolge Protective Equipment Deslgn Area

(1) Functional Requirements. This area is located on

the first oor and consSists of rooms 1-19, 1-20, 1-21 and -
1-22, It-will be used for the design and testing of equip-

_ment to protect man from intense noise. Rooms 1-19 and 1-20 '

are the test areas, and rooms 1-21 and 1-22 are the control ﬁ
and recordins rooms. Rooms 1-21 and 1-22 are also used in

con unction‘with the coupled reverberation rooms, 1~ 23 andrr
1-2 - . :

(2) Performance Peggirements. The varied operations
that will bcour in these test rooms require the need for two
distinctlyldifferent acoustical environments. It is required,
therefore,: that two separate test facilities, one reverherant
and the othér non-reverberant, be provided for maximum flexi-.
billlty under varying operating conditions. -

(3) Criterion for ‘Ambient Noise. In order to. Provide

- maximum 1BEiTude ror performing teésts in rooms 1-19 and 1-20,

y
the ambient' sound .pressure levels should: not exc¢eed the . '
"non- detect@ble” design criterion shown in Pig, 2., The 80-35
eriterion listed in Table VI on page 34 was chosen as a - o
design criterion for rooms 1-21 and 1-22, This eriterion
provides a suitably low" q bient noise level for personnel .
operating the recording and measurement equipment.

1
H

(4) Noise Control Ahalysis. The estimated maximumn i
exterior sound pressure ;levels and the interior ambient noise
level criterion for thiz space are the same as described in .
the nolse c¢ontrol analy!ie for the anechoic chamber., The
determination of the wall requirements for these rooms follows
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that for the anechole chamber. The recommended exterior
double-wall structure for this space consists of an 8 in.
thick poured concrete wall, a 4 in. air space with glass
wool filler, and a 12 in. exterior wall of poured concrete.
Thils structure wlll satisfy the design criterion for rooms
1-19 and 1-20 in all bands except the 150 to 300 cps band
(where the deficiency is only of the order of 3 db

For achievling the SC-35 c¢rlterlion 1In the control and
recording rooms 1-21 and 1-22, 1t las been necessary to
continue the double-wall conetruction to the interior walls
for the purpose of "contalning" the noise within the ear
protection test facilities. This double construction has
: - been utilized 1n the floor of both test spaces for contain-
g ing and excluding nolse to and from the physics laboratory
g and high frequency callbration spaces directly below.

: A double-wall structure was not recommended for the
exterior wall of room 1-22 because it was felt that the \
occaslonal passage of a B-52 would not hinder operations in
rooms 1-22 and 1-21 since the 3C-35 criterion would be
exceeded onLy for very short perliods of time.

¢ Lo The separate requirements of reverberant and non-

L o . . reverberant donditions call for two separate test spaces wlth

' appropriate intérior finishes to provide the desired reverbera-
‘tlon characteristios. The interior finish of room 1-19 .
conglsts of* exposed conerete for the four walls and the floor,
and a suspended 1 1n thick hard plaster cellling.

‘A non- reverberant condition is achieved in room 1-20
by an interior_finish of a 4 in. thick sound absorbing blanket
of 4.1/4 1b/ft3 PF Fiberglad applied to the walls and to the -
1 in. thick plaster. suspended celling. The floor 1s oovered .
by rubber tile. L

" ventilation sttem. Particular attention should be
given to eslgn of adequate sound attenuating treatment )
in bhe ventilatins ducts serving these rooms. - o

! In Fig. Anala possible configuration is shown fo
Lo : ‘achieving the degired nolse reduction bétween the ear pro-
I ) -tection test spaces durihg simultaneous use, Thls system :
i .consgilsts of two specially ‘designed ‘baffle arrange ments in the.
i © gupply -and return isystems providing a maximum run of duct
S within practical limitations for incorporating sound absorb-
S ing lining. Special design features have also been incorporated

e
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by the lIntroduction of the separate baffle systems for
achieving the desired attenuation between the coupled
reverberatlon spaces and the control and recording rooms

for the ear protectlion test spaces. It should be noted that
the baffle arrangement shown 1n the celling of the Janitor's
closet, room l-18, 1s a two-layered system so that the supply
and return operate from completely independent baffled
arrangements, Further study should be glven to a more de-

talled analysils of the speclflc acoustical requirements for
this duet work. :

G. Avdiometry Area

! '

(1) Functional Requirements. This area is located on
; } the basement floor and includes rooms 0-6, 0~7, 0-9 and 0-10.
3 L It will be used for research on human hearing and the effect
) ‘ of noise on the é¢ar and the hearing mechanism, : :

A e dels S0

i (2) Performence Reguirements. No speclsl design ; o ¢
' consideratlons (witn the exception of the composite double :
L floated construction) such as room shaping and speclal soupd . o
. .. .~ absorbing finishes are required for these spaces. ' "

. (3) Criterion for Ambient Noise. The precision mea-

P surément Téchniqué used in clinical audiometry dictates the
4
‘\

ok '3 GRS 75

geleaction of an ambilent noise criterion for rooms 0-6, 0-7
- and 0-9 equal to the "non-detectable" deasign criterion
‘shown In Fig. 2 and tabul&ted in octave bands in Column 3.
of Table II on page 15. ° t ’

TRene
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\ In rodm 0-10 the‘ambient noise requiremerit 1s not as o . é .
! stringent as in rooms 0-6, 0-7 and 0-9. To provide a - ! : : e
SR P suitably low background noisk environment for persbnnel k

2NN S opersting recdrding and measurement equipment. 1ln thils space,
k & design ocriterion of '8C~35 tas-been Belected; :This

Y, criterion- is listed 1in oataw{npandbfin Table VI .on page 34. K A
o (4) Noise“Control'Analzﬁig. The noise reduction N
] requirements for the exteriol wall of rcom 0-6 will be | o ‘ 1
b approximately the same as thq e listed in Column 4 of ' S
v Table II' on page 15 since the¢ design criterion and the maxi- . .
S mum exterior levels are the same as consideredl in that - ‘ B
AN . analysis. The recommended double-wall construction of 12 in. ' '
L of poured concrete, a 4 in. space filled with a glass fiber
blanket, and 8 in. cf poured concrete will adequately : ‘ C
" satisfy the requirements in all octave bands except the o : 4
150-300 cps band where the deficiency is only of the order
of 3 to 5 4b. _ T

1 R s R ST SRS
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The transmlssion loss of the recommended exterior
wall will, 1n general, satlsfy the requlrement of z 70 db
. wall as desacribed in prevlious sections. This requirement
' also dictates the cholice of a double-wall construction for
’ the interior walls of rooms 0-6, 0-7 and 0-9.

The exterior wall of the Audiometric Records. room, 0-~10,
has been recommended to be of single conetruction of 12 in.
of poured concrete. This wall will provide adequiate 1sola-
tion from normal exterior noise levels to satisfy'the design
ecriterion for this space of 8C-35. During the occasional
pagssage of & B-52 300 ft overhead the noilse levels in this .
apace will exceed the SC-35 ¢riterion levels. However, it is
felt that these transient increases in noise level will not
hinder operations in this space and consequently do not
warrant a double-wall construction. \

. To reduce, &8 much as possible, structure- borne vibra-
i tions and impact noises caused by footfalls in the pfiice
areas above the sudiometric testing area, we have recom-
mended that the ceiling of the separate test bpacesibe
-t lowered by a clear distance of 4 ft. The additional space

; which this measure provides permits ease of access To duct
rung for supply and return alr required for the rooms. i ‘A
suspended plaster ceiling 1 in. thick has been recommended
for the entire audiometric record space to reduce the trans-
‘miasion-of sound.from this area into the duct work enroute
and thence into the test spaces through the register openings.

I TR T T o
RN "

Adthough- the performance requinements for these spaces
- as desoribed above do not specify any need for individual
room shaping or diffusion, ete., it 1s recommended that. the
walls and celling of each of the test aread be finished in
a 1 in, thick standard perforated acoustic tile to prov1de
general noise reduction. i ‘ o

(5) Ventilation System. In Fig A-20a possible con-'
vrisuration of venEIIaE%on duet work 18 shown that; provides..
a2 maximum ruh with & minimum of three 90-degree bands for BT
the incorporation of sufficient sound.absorbing treatment to = . T
satisfy the design criteria in these spaces. Special oon- .
,pideration should be given to. acoustical treatment in th
ducts tnat joir test rooms to prevent 'short circuiting" '
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H. Adminlgtrative Laboratory and Control Areas

(1) Performance Requirements. Although the acoustical
performance requlrements of the laboratory, administrative,
and control areas are not as stringent and as complex as the
teat areas, some attention has been given to their separate
acoustical environments. A discussion of the design
requirements follows:

(a) Exterior Walls. It was established during
the inltlal phase of ﬁlanning that a sound
transmlssion less of 45 db in the frequency
bands of 75-150 eps, 150-300 cps, and 300~
600 cps would be adequate for all exterior
walls From the rapdom incidence mass law,
it lwas determined that a wall .having a mass
of [140 #/sq £t would be required to meet
this criterion. The most economical method

~ for achleving thid mass 18 a poured reinforced
- concrete wall having a thickness of 12 in,
© It was further established that any
penetrations of the exterior wall for fenestra-
tlon purposes would be undesirable Since the .
resulting decrease in the required mass per
unit area would materially reduce’ iﬁs sound
1sdlating properties,

(b).Interior Walls. A structural 1esign employ-
‘ing % conventional column and heam construc-
‘tion 18 not easily adapted to the unique
acoustical requirements of this facllity. For
this reason, an integrated wall’ bearing struc-

~ .. ‘tural syster has been designed which not only

satisfy the complex requirementsjof double-wall
constructlion and tiers of floated rooms (for \
the test area) but also will be esconomically
practicable and acoustically adequate for

noise isolation, B

A transmission .Joss of 40 db 1is required
for:walls between adjoining rooms in the necn-
eritical areas to assure adequate privacy.

In order to meet thie e¢riterion in the 75~

150 ¢ps band, as previously discussed, the wall
must have a surface welght of approximately

95 lb/sq ft. The most economical construction
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for achieving this mass is an 8 in. thick
poured reinforced concrete. This wall con-
structlion has been used throughout the
administrative and laboratory areas of the
facility.

The use of movable psrtitions for
laboratory and office areas, while permit-
ting some flexibllity in the use of space,
would introduce some serious sound lsolation
problems between adJolning rooms. The degrde
of flexibility of these partitions depends i
upon thelr lightwelght panel construction
For ease In erection and dismantling. Since
the effective isolation of sound in air is
achleved by massive, impervious single or
multiple construction, 1t can be seen that
alr leaks through Joints at panel lhtersec~
tions comblined with theilr lightwelght render
this type of construction unsuitable in this
facility. Investigation of several pre-
fTabricated movable partiticns indicated that
a deficiency of 15 to 20 db existed in the

transmission loss requirements as specified.

Floors.. Thé*pransmission loss betwéen
adJjoining roohs of 40 db in the critical

- Prequency range described under the :interior

wall requirements is also applicable to
adjoining roomg located one above another,

To meet this requlrement the filrst floor
construction mugt ‘have a surface weisht equi=-
valent to that of the interior walls ( 95" 1b/sq
£t). 1In addition to the -requirements of/air-.
borne noise 1solatidn, precautions have ween '
taken to reduce the impact transmission taused
By footfall and rolling stock from the flee-
fleld measuring deck:to the first floor and
from the first fledr to jthe basement level, .
Since bare concreteihasian impadt transmissipn
approaching unity (zero transmission loss), °
8 resilient pad of glass fiber 1 in. thiek

has been sandwiched in the first floor floor
¢onstruction as a decoupling sygtem.

Floor construction in .the non-critical

‘test areas consists of a.6 In. structursl con-

crete slab and a 2 In. fiocated concrete slot
saparated by the resilient pad.
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A simllar construction has been employed
In the free-~fleld measuring deck to satisfy
airborne sound isolation requlirements and impact
transmission to first floor areas.

(2) Criterion for Ambient Noise. To provide for ambilent
noise levels in the non-critical test areas that willl permit
the satisfactory use of telephone, and relaxed conversation
at distances up to 10 ft, a design criterion of SC-45 has
been selected. This criliterion 1s tabulated in Table IV on
page 27.

. (3) Ventilating System. During normal operation of
this facility, when the egtimated exterior nolase levels are
not in excess of SC-50, the ventllating system will be the
principal noise contribution in the non-critical areas. Pro-
visions should thereforée be made 1n the duet work from the
point of takeoff of the fan to lncorporate the necessary
sound attenuating treatment to meet the SC-45 criterion.
Duct layouts between adjoining and more remote areas served
by the same system should provide space for sound absorbing
lining and additional bends as required to reduce the possi-
bllity of room to room transmisslon. A possible conflgura-
tion for the duct work servicing the two floors 1s shown
on Figse. A-20 through A-22.

(4) Doors. In Fig. A-1l6, two alternate methods are
shown for achieving an airtight closure on doors in non-
eritical test areas. .The requlrements for sound isolgtion
do not.justify the use of .special 'soundproof" doors in
these rooms, . L o
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APPENDIX I
COST ESTIMATE OF ACQUSTICAL TREATMENT

The following represents a best estimate of the cost
of various acoustical treatments required for the proposed
regearch facility. The flgures were obtained through
conferences with various acoustical materials manufacturers
and acoustical contractors. The figures include cost of
material, 1nstallation, and fabrication and shipment of any
speclal units such as anecholc wedges and sound abs¢rbing
panels from a point of fabrication such as Cambridgw,
Massachusetts to Dayton, Ohilo. ,

Load-bearing glass fiber material in
double floor construction ...... v $U42,000

Non-load-bearing glass fiber material
©  1n double-wall and celling
eonstruction ...iieeiiiesennsseseasas 10,000

(lass fiber materlial in resillient
floor construction ...vviiviiivnennn 4,500

Anechoic Rodh treatment including
stretched cable floor .............. 60,000

Special air intake and exhaust systems _
~ for Anechoic Room (1-1) and . :
Rooms (0-24 and 1- 25) chotreasaaases 2,000

Glass fiber sound absorbing treatment ... 5,500

Sbandard acoustical tile sound ' .
absorbing treatment ................ __5B,000
TOTAL .........$128,500

It should be noted that costs of acoustical treat-
nent for the Heating Ventllating and Air Conditioning Sys-
tem (with the exception of the special air intake and .
exhaust systems for the Anecholc Room and Rooms (0-24)
and (1- 25?) and the various mechanical systems are not
included in the aboveé estimate. Until the above systems
are designed, it is difficult to predict the extent of the
acoustic treatment required and hence the cost of such
treatment. _
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The series of flgures presented in this appendix
are reproductions of the drawlngs originally submitted
with the acoustical recommendations for the Blo-Acoustic
Research Facility.

A

The reproduction of the original drawlngs has been
done on a reduced scale. Therefore, the indicated dimen-
sions should be employed, and the figures should not be
scaled.
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